Up to the present time there does not appear to have been any calorimetric measurements of the heat capacity of gaseous tetrafluoromethane. Consequently this compound has been included in a continuing program of study of the constant-volume heat capacity Cv of gases at the University of Michigan.
The equipment for making these measurements consists primarily of an 8-in. diameter thin-wall stainless-steel sphere mounted in an evacuated chamber with a heat shield surrounding the sphere. The sphere is equipped with a platinum heating coil, which doubles as a resistance thermometer, and a small motor-driven fan that circulates the charge of gas inside the sphere. Complete details are described elsewhere (4, 7, 9 ) , and only the calibration procedure with tetrafluoromethane is covered here.
CALIBRATION OF THE CALORIMETER
When heat is added to a charge of gas in a container of fixed volume, it is necessary to know the heat capacity of the container and its internal fittings so that proper assignment may be made of that fraction of the heat going into the gas. Also, since it is extremely difficult to attain perfectly adiabatic conditions, some estimate must be made of the heat transfer to the surroundings. The latter is determined by measuring drift rates of the temperature within the container before and after heating. The former may be determined in two ways: by taking some measurements on a gas of known heat capacity, so that the heat capacity of the calorimeter may be obtained by subtracting the known gas heat capacity from the gross heat capacity, and by an extrapolation technique using a gas whose constant-volume heat capacity varies little with density.
The second technique was used in this case. Since tetrafluoromethane has a low critical temperature of 227.5"K., and since the data were to be taken above 300"K., all runs were made at reduced temperatures greater than 1.3. where calr refers to the calorimeter, gr refers to the gross heat capacity, and ni is the mass of gas charged with Cv" on a unit mass basis. Suppose Cv"
is not yet known, but some approximation to it such as CvhaPp can be made.
With a correction term one may write
If now Cgr is measured at different densities (that is different m's) at a given temperature, where CvOapp, Ccalr,
and CvOcorr are all fixed, it follows that Cgr -mCvUapp is linear in rn. Plotting Cgr -mCv*app VS. m one gets a linear extrapolation to zero density at which point Ccalr becomes identical to Cgr, which is the desired heat capacity of the calorimeter. capacity estimated from the fundamental frequencies taken from infrared and Raman spectra. It is to be noted that the data points here and later are the result of a smoothing operation that is not shown. For a given density a series of values of Cpr were measured for finite temperature jumps. These values were plotted vs. the average temperature in each jump. A smooth curve was drawn through the points and Cgr read off at even temperatures. The sample of tetrafluoromethane used was stated to have a purity of at least 99.7% by volume, as measured by gas chromatography and mass spectrometer analysis.
RESULTS
Since the heat capacity of the calorimeter is appreciable in comparison with the heat capacity of the gas charged, the accuracy of the gas heat capacity is affected considerably by the calorimeter heat capacity. It is believed that the extrapolation technique determines the heat capacity of the calorimeter to about 0.40J0, and that considering all errors the heat capacity of the gas i s determined to within 0.8%. This has been verified by first TLI*PERm"RE. .C Fig. 3. Heat capacity of gaseous tetrafluoro- 
methane.
measuring the heat capacity of dichlorodifluoromethane.
This compound has been studied very carefully by Masi ( l o ) , so that its Cv' is known with a high degree of confidence. The heat capacity of a charge of dichlorodifluoromethane was measured and the data plotted on Figure 2. Since its Cv varies appreciably with density, it was necessary to convert the CV* of Masi to Cv at the experimental density by the usual relation dCv = -TV2 ( d2P/dT2) dp. Figure 2 shows the Cv which results when the conversion is made by an equation of state presented (8) for this compound. The conversion is not considered to be very accurate because it involves the second derivative of the equation of state, but the correction only amounts to 4% of the answer so the result cannot be too far in error. The agreement of the experimental points with the dashed line CV is good and substantiates the calibration of the calorimeter.
The same data taken for calibration of the calorimeter were used to obtain the constant volume heat capacity of the tetrafluoromethane itself. At each temperature and density the heat capacity of the calorimeter was subtracted from the gross heat capacity to give the heat capacity of the gas on a unit basis by dividing by the mass of gas. The results are shown in the table and in vestigators ( 2 , 3, 5, 6, 11, 12, 13, 1 4 ) . After careful study of these data the following set of fundamental vibrational frequencies was chosen; v i = 435 cm.-l (degeneracy of 2 ) , ~2 = 630 cm.-l (degeneracy of 3), 908 cm. (no degeneracy), u4 = 1,282 cm.-l (degeneracy of 3 ) . The usual rigid-rotator-harmonic-oscillator assumption was made first, and a small correction for anharmonicity and variation of moment of inertia due to stretching was added. The latter was made by the approximation method of Albright ( 1 ) , and the results are practically identical to his for tetrafluoromethane. The correction amounted to only about 0.5% of CV' itself in the range of the data and less than 1% even at 700"K., though a greater uncertainty is introduced at the higher temperatures because the correction procedure has not been verified in that range. Figure 3 shows good agreement between the measured and statistically calculated heat capacity of tetrafluoromethane over the 30" to 200°C. range. In view of this agreement the statistical calculations were extended over a much wider range, 140" to 620"K., and the data fitted to an equation The engineer commonly estimates the influence of mixing on process operations by resorting to useful simplifying assumptions. Two such assumptions are the notions of plug flow and well-mixed systems. In the following treatment a means is demonstrated for predicting states of mixing for miscible systems which are intermediate to the above mentioned cases. This analysis utilizes mostly known results of the modern theory of turbulence as based on the statistical description and exploits Kolmogoroffs concept of universal equilibrium (10) . The system studied is the continuous flow stirred vessel. Current state of the art regarding such turbulent mixers allows one to predict the power input given knowledge of the mixer geometry, fluid properties, and stirring rate. Power input rates are well correlated for many existing mixers through work such as that of Rushton et al. (12) . What has not been adequately known is how to predict the effect of this specified stirring on the mixing job to be done.
The stirred tank mixer characteristically operates up to high Reynolds' numbers based on impeller diameter and tip velocity (-lo6) which should be conducive to approaching universal equilibrium in the Kolmogoroff sense (10). Shinnar ( 1 3 ) has advanced some stimulating conjectures on the nature of emulsion formation in stirred tanks in which he exploits behavior of the velocity spectrum at wave numbers in the dissipative range of eddy sizes. In the present work knowledge of the inertial subrange, a lower wave number region, is exploited.
The dissipation of scalar inhomogeneities is generally pictured to be preceded by cascade down the spectrum.
